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ELECTRIC WINDSHIELD DEFROSTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to automotive window clear 
ing systems generally, and more speci?cally to automotive 
windshield defrosting systems. 

2. Description of the Related Art 
In motor vehicles operated in cool climates. the need often 

arises to defrost the windows of the vehicle. The oldest 
method of defrosting the windows is with a forced-air 
defroster system, which directs heated air to the windows. 
The air is typically heated by a heater core through which 
engine coolant is circulated. 

However, in some applications. particularly trucks with 
diesel engines, it can take a very long time for the engine 
coolant to warm to the point that the heater core can transfer 
signi?cant heat to air directed toward the windows. In this 
case. a system which begins delivering heat immediately 
will be advantageous. 
One such system which begins to deliver heat immedi 

ately employs a conductive layer embedded in the wind 
shield. Electric current is applied to the conductive layer, 
causing it to heat. 
Although such a heated windshield system is e?’ective, it 

is fairly expensive. Additionally, in truck applications. wind 
shields are often chipped or cracked due to stones ldcked up 
against the windshield. Frequent replacement of the wind 
shield of such a heated windshield system can be very costly. 
An additional concern in the application of such a heated 

windshield system is that the conductor embedded in the 
windshield presents a very substantial load on the vehicle 
charging system. Without e?ective control of energy pro 
vided to the conductor, other electrical devices on the 
vehicle can be deprived of su?icient power to operate 
properly. Further. the battery of the vehicle can become 
discharged. leading to inability to start the vehicle during a 
subsequent attempt to start it. 

Therefore, a system which provides irmnediate heat to a 
windshield without requiring a conductor embedded in the 
windshield and without over-taxing the vehicle’s charging 
system can provide advantages over the prior art. 

SUNIMARY OF THE INVENTION 

The present invention provides a windshield heating 
apparatus for a motor vehicle having at least one air duct and 
a heater core adapted to heat air passing within the air duct. 
The windshield heating apparatus includes an electrical 
heating element located within the air duct. Further. the 
windshield heating apparatus includes an electrical driver 
coupled to the electrical heating element and adapted to 
provide electric current through the electrical heating ele 
ment. Additionally, the windshield heating apparatus com 
prises a ?rst temperature sensor positioned to measure a 
heating capability of the heater core. The windshield heating 
apparatus also includes ?rst modulating means coupled to 
the ?rst temperature sensor and to the electrical driver for 
modulating electric current through the electrical heating 
element in response to the ?rst temperature sensor. 
The present invention also provides a windshield heating 

apparatus for a motor vehicle having an engine with engine 
coolant, at least one air duct and a heater core adapted to heat 
air passing within the air duct. The windshield heating 
apparatus includes an electrical heating element located 
within the air duct. In addition, the windshield heating 
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2 
apparatus comprises an electrical driver coupled to the 
electrical heating element and adapted to provide electric 
current through the electrical heating element. Further, the 
windshield heating apparatus includes a ?rst temperature 
sensor positioned to measure an air-heating capability of the 
heater core. Also, the windshield heating apparatus includes 
a modulator with an input and an output, the input coupled 
to the ?rst temperature sensor and the output coupled to the 
electrical driver. 

The present invention also provides a windshield heating 
apparatus for a motor vehicle having an interior and having 
at least one air duct adapted to provide heated air into the 
interior. The windshield heating apparatus comprises an 
electrical heating element located within the air duct. 
Further. the windshield heating apparatus comprises an 
electrical driver coupled to the electrical heating element 
and adapted to provide electric current through the electrical 
heating element. In addition, the windshield heating appa 
ratus includes means for sensing a system voltage of the 
vehicle. Also, the apparatus comprises a modulator with an 
input and an output, the input coupled to the system voltage 
sensing means and the output coupled to the electrical driver. 
The present invention provides immediate heat to a wind 

shield without requiring a conductor embedded in the wind 
shield. The invention thus provides cost advantages over 
prior art systems. Further. the system uses only the excess 
energy available from the vehicle charging system, so that 
the charging system will not become over-taxed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an electrical schematic of a windshield heating 
system 10 according to one embodiment of the present 
invention. 

FIG. 1A is an electrical schematic of triangle wave 
generator 22 of windshield heating system 10 of FIG. 1. 

FIG. 2 is a timing diagram showing various signals in the 
circuit of FIG. 1. 

FIG. 3 is an electrical schematic of a windshield heating 
system 10' according to a second embodiment of the present 
invention. 

DEI‘AJLED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 1, a windshield heating system 10 for a 
vehicle according to one embodiment of the present inven 
tion is illustrated. 
A power supply 16 converts system voltage (nominally 14 

volts) to a regulated voltage for use in various places by 
heating system 10. Power supply 16 can be any of a number 
of known voltage regulators. such as an lM317-type voltage 
regulator integrated circuit. The regulated voltage Vreg gen 
erated by power supply 16 is preferably approximately 8 
volts. 
One or more heating elements 18 is the source of heat for 

windshield defrosting system 10. Heating element 18 is 
located within the defroster ductwork of the vehicle, 
between the heater core and the defroster nozzle. Heating 
element 18 can be chosen from a number of devices, 
including standard high-wattage resistors, positive tempera 
ture coe?icient ceramic resistors, bipolar power transistors 
and ?eld-effect power transistors. Heating element 18 is 
provided current via electrical driver 20. Electrical driver 20, 
though shown as a single ?eld-e?ect transistor (FET), can in 
fact be as many FETs as necessary connected in parallel in 
order to drive su?icient current through heating element 18. 
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Electrical driver 20 can also be con?gured using bipolar 
junction transistors or other semiconductor power devices. 
A control switch 12 is provided to allow the driver of the 

vehicle to activate and deactivate heating element 18. Con 
trol switch 12 can also be a pushbutton-type momentary 
contact switch which feeds a timer circuit (as in most 
rear-window electric-grid defogger systems). The timer cir 
cuit would provide a logic HIGH output voltage while the 
timer remains unexpired. Heating element 18 would thus 
automatically turn off after a predetermined period of time. 
One of items powered by power supply 16 is triangle 

Wave generator 22. Referring now to FIG. 1A, a preferred 
con?guration of triangle wave generator 22 is illustrated 
V,,_, , the regulated output voltage from power supply 16 
(F1 . 1), is supplied to potentiometer 222. Potentiometer 
222 is used to select the DC level of the triangle wave 
produced by triangle wave generator 22. Ampli?er 224 is 
con?gured as a unity-gain ampli?er, to bu?’er the output of 
potentiometer 222. Potentiometer 226 then selects the 
amplitude of the triangle wave produced by triangle Wave 
generator 22. Comparator 228 is con?gured to oscillate, with 
the charging and discharging of capacitor 230 causing the 
ramping up and down which de?nes the triangle wave 
produced by triangle wave generator 22. Potentiometer 232 
controls the frequency of the charging and discharging of 
capacitor 230, and therefore controls the frequency of the 
triangle wave. Ampli?er 234 is con?gured as a unity-gain 
ampli?er, to buffer the triangle-wave signal produced by the 
charging and discharging of capacitor 230. 
Those skilled in the art will recognize that there are a 

multitude of other circuits which will produce a triangle 
wave signal. Those other circuits can replace the speci?c 
con?guration of triangle wave generator 22 which is dis 
closed in FIG. 1A. For example, a SSS-type integrated 
circuit can act as triangle wave generator 22. 

Referring again to FIG. 1. the output of triangle Wave 
generator 22 is provided as an input to comparators 2A, 26 
and 28. 

Temperature sensor 30 is preferably located within the 
defroster ductwork, between the heater core and heating 
element 18. Other preferred locations for temperature sensor 
30 include: (1) within the heater core of the vehicle; and (2) 
in thermal contact with the engine coolant of the engine of 
the vehicle. Temperature sensor 30 thus senses the extent to 
which the heater core is able to heat the air being provided 
through the defroster ductwork to the windshield. Tempera 
ture sensor 30 is preferably a negative temperature coe?i 
cient thermistor. With resistor 31. temperature sensor 30 
forms a voltage divider 32. The output of voltage divider 32 
is provided as an input to comparator 24. The output of 
comparator 24 is coupled to an input of AND gate 25. 

Temperature sensor 34 is located in very close proximity 
to heating element 18. to allow sensing of the temperature of 
heating element 18. Temperature sensor 34 is preferably a 
negative temperature coe?icient thermistor. Temperature 
sensor 34 forms a voltage divider 36 with resistor 35. The 
output of voltage divider 36 is provided as an input to 
comparator 26. The output of comparator 26 is coupled to an 
input of AND gate 25. 
A voltage divider 39 formed by the combination of 

resistor 38 and resistor 40 is powered by system voltage. The 
output of the voltage divider is provided as an input to 
comparator 28. as an indication of the system voltage of the 
vehicle. The output of comparator 28 is coupled to an input 
of AND gate 25. 
A voltage divider 46 formed by the combination of 

resistor 44 and resistor 45 is connected in parallel with the 
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4 
blower motor of the vehicle. The output of voltage divider 
46 is provided as an input to comparator 47, as an indication 
of the voltage applied to the blower motor (and therefore the 
speed of the blower motor). A ?xed reference voltage Vmf is 
applied to the other input of comparator 47. VH7. is selected 
to be a voltage threshold between the voltages across the 
blower motor when the blower motor is operated at 
MEDIUM speed and when the blower motor is operated at 
LOW speed. Comparator 47 is thus able to determine 
whether the blower motor is operating at MEDIUM or 
HIGH speed, or whether the blower motor is operating 
below MEDIUM or HIGH speed. The output of comparator 
47 is coupled to an input of AND gate 25. 

Oil pressure switch 48 is connected at one side to system 
voltage and at the other side to an input of AND gate 25. Oil 
pressure switch 48 closes when the engine is running and 
opens which the engine is not running. Oil pressure switch 
48 thus provides system 10 with an indication regarding 
whether the engine of the vehicle is running. 

Windshield defroster switch 50 is the selector switch 
which the driver of the vehicle uses in order to cause his 
conventional forced-air Windshield defroster to turn on. 
Windshield defroster switch 50 is coupled at one side to 
system voltage and at the other side to AND gate 25. 
Windshield defroster switch 50 provides an indication that 
the driver of the vehicle wishes his/her windshield defrosted. 
The operation of system 10 will now be described with 

reference to FIGS. 1 and 2. Trace “A” of FIG. 2 illustrates 
the output of triangle wave generator 22 and the signal 
provided by voltage divider 32. Recall that those two signals 
are the inputs to comparator 2A. Trace “B” of FIG. 2 shows 
the output of comparator 24. It will be noticed that as long 
as the output of voltage divider 32 is greater than the output 
of triangle wave generator 22, the output of comparator 24 
will be high. Moving from left to right in Trace “B”, we see 
that as the temperature sensed by voltage divider 32 
increases, the width of the pulse at the output of comparator 
24 narrows. This narrowing is in recognition of the fact that 
as the vehicle’s heater core warms up, it will need less 
assistance from heating element 18 in warming the air in the 
defroster ductwork of the vehicle. 

Trace “C” of FIG. 2 illustrates the output of triangle wave 
generator 22 and the signal provided by voltage divider 36. 
Recall that those two signals are the inputs to comparator 26. 
Trace “D” of FIG. 2 shows the output of comparator 26. It 
will be noticed that as long as the output of voltage divider 
36 is greater than the output of triangle wave generator 22, 
the output of comparator 26 will be high. Moving from left 
to right in Trace “D”, we see that as the temperature sensed 
by voltage divider 36 increases, the width of the pulse at the 
output of comparator 26 narrows. This narrowing is in 
recognition of the fact that as heating element 18 warms up, 
electrical power should be supplied to it less of the time. 
This prevents heating element 18 from being operated above 
its maximum intended operating temperature. 

Trace “E” of FIG. 2 illustrates the output of triangle wave 
generator 22 and the signal provided by voltage divider 39. 
Recall that those two signals are the inputs to comparator 28. 
Trace “F” of FIG. 2 shows the output of comparator 28. It 
will be noticed that as long as the output of voltage divider 
39 is greater than the output of triangle Wave generator 22, 
the output of comparator 28 will be high. Moving from left 
to right in Trace “E”, we see that as the system voltage 
sensed by voltage divider 39 decreases. the width of the 
pulse at the output of comparator 28 narrows. This narrow 
ing is in recognition of the fact that as system voltage dips, 
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less electrical power should be supplied to heating element 
18, to prevent excessive loading on the power generation 
system of the vehicle. System 10 thus is able to use all power 
generating capability of the vehicle which is not required for 
other purposes. 

Trace “G” illustrates the output of AND gate 25. The 
reader will notice that Trace “G” is the ANDing of Traces 
“B”. “D” and “F”. It is assumed that the blower motor of the 
vehicle is in the MEDIUM or HIGH position. so the output 
of comparator 46 is high. Further, it is assumed that oil 
pressure switch 48 is closed (indicating that the engine is 
running) and defroster switch 50 is closed (indicating that 
the driver has commanded his conventional forced-air 
defroster to be on). Additionally. it is assumed that control 
switch 12 is open, so a high signal is provided from control 
switch 12 to AND gate 25. 
The signal illustrated as Trace “G”, being the output of 

AND gate 25, is provided to electrical driver 20. (Transistors 
52 and 54 are provided as needed to provide proper polarity 
for the operation of electrical driver 20.) During the times 
when Trace “G” is high, then, electrical driver 20 provides 
electrical current to heating element 18. System 10 thus 
provides power to heating element 18, the power being 
modulated based on the temperature of the air leaving the 
heater core, the temperature of heating element 18, and 
system voltage. 

FIG. 3 illustrates a second embodiment of the present 
invention. Windshield heating system 10' comprises electri 
cal heating element 18 and electrical driver 20. Control 
switch 12 is actuated by the driver of the vehicle in order to 
activate and deactivate heating element 18. Power supply 16 
converts system voltage (nominally 14 volts) to a regulated 
voltage for use in various places by heating system 10'. 

Voltage divider 32 comprises temperature sensor 30, 
which is located within the defroster ductwork between the 
heater core and heating element 18. The output of voltage 
divider 32 is provided as an input to analog-to-digital (AID) 
converter 70. The output of A/D converter 70 is coupled to 
an input of microprocessor 72. 

Temperature sensor 34 is located in very close proximity 
to heating element 18. to allow sensing of the temperature of 
heating element 18. Temperature sensor 34 forms a voltage 
divider 36 with resistor 35. The output of voltage divider 36 
is provided as an input to A/D converter 74. The output of 
A/D converter 74 is coupled to an input of microprocessor 
72. 

Voltage divider 39 formed by the combination of resistor 
38 and resistor 40 is powered by system voltage. The output 
of the voltage divider is provided as an input to A/D 
converter 76. as an indication of the system voltage of the 
vehicle. The output of A/D converter 76 is coupled to an 
input of microprocessor 72. 

Voltage divider 46 formed by the combination of resistor 
44 and resistor 45 is connected in parallel with the blower 
motor of the vehicle. The output of voltage divider 46 is 
provided as an input to A/D converter 78. as an indication of 
the voltage applied to the blower motor (and therefore the 
speed of the blower motor). The output of A/D converter 76 
is coupled to an input of microprocessor 72. 

Oil pressure switch 48 is connected at one side to system 
voltage and at the other side to an input of microprocessor 
72. Oil pressure switch 48 thus provides heating system 10‘ 
with an indication regarding whether the engine of the 
vehicle is running. 

Windshield defroster switch 50 is coupled at one side to 
system voltage and at the other side to microprocessor 72. 
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Windshield defroster switch 50 provides an indication that 
the driver of the vehicle wishes his/her windshield defrosted. 

Microprocessor 72 provides, in software. the function 
provided by the circuitry of FIG. 1. That is, microprocessor 
72 modulates the power delivered to electrical heating 
element 18 based on the temperature of the air leaving the 
heater core, the temperature of heating element 18, and 
system voltage. Further, microprocessor 72 turns o? the 
power to heating element 18 if the engine is not running, if 
the blower motor is not in the MEDIUM or HIGH speed 
position. if the conventional forced-air defroster is not 
turned on. or if the driver of the vehicle closes control switch 
12 to deactivate heating element 18. 

Various other modi?cations and variations will no doubt 
occur to those skilled in the arts to which this invention 
pertains. Such variations which generally rely on the teach 
ings through which this disclosure has advanced the art are 
properly considered within the scope of this invention. This 
disclosure should thus be considered illustrative. not limit 
ing; the scope of the invention is instead de?ned by the 
following claims. 
What is claimed is: 
1. A windshield heating apparatus for a motor vehicle 

having an engine with engine coolant, at least one air duct 
and a heater core adapted to heat air passing within said air 
duct, said apparatus comprising: 

an electrical heating element located within said air duct; 
an electrical driver coupled to said electrical heating 

element and adapted to provide electric current through 
said electrical heating element; 

means for sensing a temperature of said heater core or of 
said engine coolant; 

?rst modulating means coupled to said temperature sens 
ing means and to said electrical driver for modulating 
said electric current through said electrical heating 
element in response to said temperature sensing means; 

means for sensing a system voltage of said vehicle; 
second modulating means coupled to said system voltage 

sensing means and to said electrical driver for modu 
lating said electric current through said electrical heat 
ing element in response to said system voltage sensing 
means; 

a temperature sensor mounted in proximity with said 
electrical heating element to measure the temperature 
of said electrical heating element; and 

third modulating means coupled to said temperature sen 
sor and to said electrical driver for modulating said 
electric current through said electrical heating element 
in response to said temperature sensor. 

2. A windshield heating apparatus as recited in claim 1, 
further comprising: 

analog means for sensing a blower speed of said vehicle; 
and 

?rst switching means coupled to said analog blower speed 
sensing means and to said electrical driver for switch 
ing said electric current through said electrical heating 
element in response to said analog blower speed sens 
ing means. 

3. A windshield heating apparatus as recited in claim 2, 
further comprising: 

means for detecting whether said engine is running; and 
second switching means coupled to said detecting means 

and to said electrical driver for switching said electric 
current through said electrical heating element in 
response to an engine running or not running condition. 
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4. A windshield heating apparatus as recited in claim 3, 
wherein: 

said ?rst modulating means comprises a triangle-wave 
generator and a ?rst comparator having a ?rst input and 
a second input, said ?rst input coupled to said ?rst 
temperature sensor and said second input coupled to 
said triangle-wave generator; 

said second modulating means comprises a triangle-wave 
generator and a second comparator having a ?rst input 
and a second input, said ?rst input coupled to said 
system voltage sensing means and said second input 
coupled to said triangle-wave generator; 

said third modulating means comprises a triangle-wave 
generator and a third comparator having a ?rst input 
and a second input, said ?rst input coupled to said 
second temperature sensor and said second input 
coupled to said triangle-wave generator; and 

said ?rst switching means comprises a fourth comparator 
having a ?rst input and a second input, said ?rst input 
coupled to said blower speed sensing means and said 
second input coupled to a ?xed reference voltage; and 

said second switching means comprises an oil pressure 
switch. 

5. A windshield heating apparatus as recited in claim 3, 
wherein: 

said ?rst modulating means comprises a ?rst analog-to 
digital converter coupled to said ?rst temperature sen 
sor and a microprocessor coupled to said ?rst analog 
to-digital converter and to said electrical driver; 

said second modulating means comprises a second 
analog-to-digital converter coupled to said system volt 
age sensing means and a microprocessor coupled to 
said second analog-to-digital converter and to said 
electrical driver; 

said third modulating means comprises a third analog-to 
digital converter coupled to said second temperature 
sensor and a microprocessor coupled to said third 
analog-to-digital converter and to said electrical driver; 

said ?rst switching means comprises a fourth analog-to 
digital converter coupled to said blower speed sensing 
means and a microprocessor coupled to said analog 
to-digital converter and to said electrical driver; and 

said second switching means comprises an oil pressure 
switch and a microprocessor coupled to said oil pres 
sure switch and to said electrical driver. - 
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6. A windshield heating apparatus for a motor vehicle 

having an engine with engine coolant, at least one air duct 
and a heater core adapted to heat air passing within said air 
duct, said apparatus comprising: 

an electrical heating element located within said air duct; 
an electrical driver coupled to said electrical heating 

element and adapted to provide electric current through 
said electrical heating element; 

means for sensing a temperature of said heater core or of 
said engine coolant; 

a modulator with an input and an output, said input 
coupled to said temperature sensing means and said 
output coupled to said electrical driver; and 

a temperature sensor mounted in proximity with said 
electrical heating element to measure the temperature 
of said electrical heating element; wherein 

said modulator has a second input, said second input 
coupled to said temperature sensor. 

7. A windshield heating apparatus as recited in claim 6, 
wherein said modulator is adapted to provide a ?xed 
frequeucy, variable-duty-cycle output 

8. A Windshield heating apparatus for a motor vehicle 
having an interior and having at least one air duct adapted to 
provide heated air into said interior, said apparatus compris 
ing: 

an electrical heating element located within said air duct; 
an electrical driver coupled to said electrical heating 

element and adapted to provide electric current through 
said electrical heating element; 

means for sensing a system voltage of said vehicle; 
a modulator with an input and an output, said input 

coupled to said system voltage sensing means and said 
output coupled to said electrical driver; and 

a temperature sensor mounted in proximity with said 
electrical heating element to measure the temperature 
of said electrical heating element; wherein 

said modulator has a second input, said second input 
coupled to said temperature sensor. 

9. A windshield heating apparatus as recited in claim 8, 
wherein said modulator is adapted to provide a ?xed 
frequency, variable-duty-cycle output. 

***** 


